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This PhD dissertation focuses on high-resolution analysis of late Pliocene to Pleistocene calcareous nannofossils 
in the South China Sea. This study aims to establish a new high-resolution calcareous nannofossils 
biostratigraphy and to reconstruct the paleoproductivity and paleoceanographic condition changes from upper 
Pliocene to Pleistocene. I utilized about 242 meters thick of Ocean Drilling Program (ODP) Site 1146 “Hole A” 
which is one among the three holes drilled in this Site during Leg 148 in the northern of the South China Sea.  
Chapter 1, provides the background of the South China Sea since its formation as well as the ocean 
circulation and the monsoon interaction. Also it provides the general background and objectives of this study. 
Meanwhile, Chapter 2, explain about the occurrence and evolution of genus Gephyrocapsa. Furthermore, it 
explained about the criteria used to distinguish Gephyrocapsa species such as size, morphology of the central 
area and the bridge bar orientation (bridge angle). Genus Gephyrocapsa are divided into three main groups based 
on their sizes (small Gephyrocapsa < 4 μm, medium-sized Gephyrocapsa (4–6 μm) and large Gephyrocapsa spp. 
> 6 μm) before they are defined into species level. 
In Chapter 3, I investigated the high-resolution upper Pliocene to Pleistocene calcareous nannofossil 
biostratigraphy of the South China Sea in ODP hole 1146A. A total of 14 calcareous nannofossil bioevents were 
identified whereas 13 of them corresponds to Pleistocene and only one event/datum corresponds to the late 
Pliocene. In descending order, First occurrence (FO) of Emiliania huxleyi, last occurrence (LO) of 
Pseudoemiliania huxleyi, LO of Reticulofenestra asanoi, FO of Gephyrocapsa parallela, FO of Reticulofenestra 
asanoi, LO of large Gephyrocapsa spp., FO of large Gephyrocapsa spp., FO of Gephyrocapsa oceanica, FO of 
Gephyrocapsa caribbeanica, LO of Calcidscus macintyrei, LO of Discoaster brouweri, LO of Discoaster 
pentaradiatus, LO of Discoaster surculus and LO of Discoaster tamalis. The events were correlated to the other 
area/sites in the globe and the global benthic foraminiferal δ18O records. This new proposed calcareous 
nannofossil biostratigraphy will improve the accuracy correlation as we refined the previous biostratigraphy by 
including five bioevents of genus Gephyrocapsa which were not included before.  
On the other hand, the reconstructed age-depth model was based on 12 calcareous nannofossil datum as 
two of the events (FO of E. huxleyi and LO of C. macintyrei) were out of chronological order. The calculated 
sedimentation rate curve shows an increase of sedimentation rate from ~5 cm/kyr below the LO of R. asanoi 
(around 0.85 – 0.9 Ma) to ~ 16.6 cm/kyr above the datum. The timing of sedimentation rate corresponds to the 
expansion of coral reef in Ryukyu Island and increase of temperature (20 C) in the Western Pacific Warm Pool 
(WPWP). 
In Chapter 4, I investigated the fossils coccolith assemblage changes from, upper Pliocene to Pleistocene 
and its implication to paleoproductivity and paleoceanographic conditions. The assemblage was dominated by 
small Gephyrocapsa spp. and Florisphaera profunda throughout the studied interval. However, small forms of 
Reticulofenestra dominated the late Pliocene interval. Based on the relationships among the relative abundance 
of lower euphotic zone species (F. profunda), upper euphotic zone spp. (small reticulofenestrids), warm-water 
species, paleoproductivity index (N-ratio) and nannofossil accumulation rate (NAR), four intervals were defined 
from upper Pliocene to Pleistocene. The co-occurrence of high abundance of F. profunda and warm-water 
species, low abundance of small reticulofenestrids, low N ratio and NAR indicate a typical Oligotrophic 
conditions and low paleoproductivity due to deepening of nutricline. Meanwhile, the low abundance of F. 
profunda and warm-water species, high abundance of small reticulofenestrids, high N ratio and NAR indicate a 
typical enhanced eutrophic conditions as well as high paleoproductivity due to the shallowing of nutricline.  
Therefore, the relationship between those parameters it shows that for the past 2.86 Ma, the SCS changes 
from typical oligotrophic conditions (2.86–1.71 Ma), transition/mesotrophic conditions (1.71–0.59 Ma), 
enhanced eutrophic conditions (0.59–0.25 Ma) to probably oligotrophic conditions (< 0.25). Thus the long-term 
variation in fossil coccolith assemblages indicates a gradual eutrophication trends influenced by the 
intensification of East Asia Winter Monsoon which induced mixing condition hence high nutrients in the sea 
surface.   
 
